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A body-adsorbable polymeric material for surgical 



implantation which is a condensation product of 
reacting a diamine with lactic or glycolic acid to 
form a diamidediol which is then reacted with a 
bischloroformate or a compound selected from 
the group consisting of dicarboxylic acids, methyl 
and ethyl esters of dicarboxylic acids, 
diacidchlorides, and anhydrides of a dicarboxylic 
acid. The polymeric material has a high degree of 
softness and flexibility and it is useful as synthetic 
absorbable surgical sutures. 
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Synthetic absorbable surgical devices of polyester amides and process for making them 

This invention relates to new and useful bioabsorbable polymeric materials derived from reacting 
diamidediols with a dicarboxylic acid or a bischloroformate and to the methods for the preparation of 
such polymeric materials. 

It has become common practice in human and animal surgery to utilize various augmentation 
5 devices to restore living tissues or repair various organs. These surgical augmentation devices are 
placed in position either temporarily or permanently. One such augmentation device is a surgical suture. 

Surgical sutures were originally fabricated from naturally occurring substances. Such naturally 
occurring materials include silk and catgut or collagen. Although these naturally occurring materials are 
still in widespread use, modern synthetic fibers made of nylons, polyesters, polyolefins and the like i are 
w steadily displacing these natural materials for a variety of reasons. For example, synthetic fibers 
generally cause far less adverse tissue reactions and are less likely to potentiate infection than either 

silk or^ catgut ^ temporary purposes# the suture should be made so that it is absorbed by the body 
after serving its function in the augmentation or wound repair process. "Absorbed" is used herein to 
is mean that a substantial portion of the polymer is metabolized by the body and ultimately eliminated 

Several absorbable sutures are presently known in the art For example, see U.S. Patents 
3,636,956 and 3,839,297. The sutures disclosed In the aforementioned patents consist of an extrusion 
of a polylactide polymer which Includes a copolymer of L(-)lactide with up to 35 mole percent of 

20 glycolide. While multifilament sutures manufactured from polymers of lactide and glycolide fulfil the 
requirements of a suture to a large degree, monofilament sutures of these materials are considerably 
less flexible than catgut and these synthetic sutures are accordingly generally limited to a multi- 
filament, braided construction. Braided sutures have the disadvantages of causing trauma upon being 
pulled through tissue due to a sawing action, also known as tissue drag. Sutures of glycolide polymers 

25 are also not suitable for sterilization by radiation without suffering severe degradation of physical 
properties. 

Another serious disadvantage of the polyglycolide sutures is the fact that strength loss in vivo 
proceeds at a rapid rate. Such fibers are known to possess virtually no strength at three to four weeks. 
While this is not a problem in some applications, the polyglycolide sutures are contraindicated where 
30 extended approximation is advisable. 

Ullmanns Encyklopadie der technischen Chemie, 4th Edition, Volume 18, 1979, Verlag Chemie, 
Weinheim, page 173, relates to properties of some polyester and polyamide polymers having 
biomedical use. FR— A— 2 140 368 (Goodman reference), the U.S. equivalent of which is Re. 30,170, 
relates to hydrolyzable polymers of amino acid and hydroxy acids. All polymers disclosed are derived 
35 from a-amlno acids. Journal of Applied Polymer Science, Vol. 90, no. 4, 1 976, John Wiley, New York, 
U.S.A., page 975 (Katayama reference) relates to alternating polyester amides having a 5-carbon 
bridging group between the hydroxy moiety and the amide moiety of the unit structure. The reference 
teaches reacting a diamine with a caprolactone to produce a diamidediol. 

The present invention provides synthetic absorbable sutures having a high degree of softness and 
40 flexibility while at the same time allowing the sutures to be used in monofilament form. The sutures can 
also be sterilized with gamma radiation (e.g., radiation from cobalt 60) without serious loss of suture 
strength. It Is accordingly an object of the present invention to provide synthetic absorbable sutures 
having unique and desirable properties not available with the sutures of the prior art 

The synthetic absorbable sutures of the present invention are prepared from a polymeric matenal 
46 having plurality of units of the general formula: 

0 0 0 O 

£o_C H J-N-R 3 -N-i-CH-oJ;™-(0^— R 5 (Ofc Lj- 

A 1 A 2 t 4 A 1 

wherein 

R 1 is hydrogen or methyl; 

65 R 3 and R 8 may be Identical or different and are selected from the group consisting of the following 
which may be linear or branched alkylene, alkylene having 1 to 2 nonadjacent catenary oxygen or sulfur 
atoms, and alkenylene; cycloalkytene a nd arylene; and having 4 to 25 carbon atoms in the cyclic 
compounds and from 2 to 25 carbon atoms in the non-cyclic; 

R 2 and R 4 are hydrogen or alky! having 1 to 4 carbon atoms or R 2 and R 4 together are linear or 
50 branched alkylene having one to four carbons forming with N — R 3 — N a heterocyclic group having 5 or 
6 ring atoms; and 

a and b are independently zero or one. 
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In a preferred embodiment of the polymeric surgical material of the invention, a and b are zero 
and R 5 is ethylene; it is additionally preferred that R 1 , R 2 and R 4 are hydrogen and R 3 Is a mixture of 
1,12-didecamethylene and 1,12-(4,9-dioxadodecamethylene). It is also preferred that the said material 
has 1 0 to 1 00 segments of repeating units of said polymer. 
s The polymeric materials of the present invention may be prepared by utilizing a process which 
comprises the steps of: 

reacting a diamine with lactic or glycolic acid to form a diamidedioi; 

and reacting said diamidedioi with a bischloroformate or a diacid compound which is selected 
from dicarboxylic acids, methyl and ethyl esters of dicarboxylic acids, diacidchlorides, and anhydrides of 
w dicarboxylic acids. 

The polymeric material can then be processed to the desired configuration. 
The body-absorbable surgical materials of the present invention are comprised of a polymer of the 
general formula: 



15 



^o~chJ-n--r 3 ~nJ-ch--oJ — (0%- — R 5 -tOfc t J- 



FT FT FT R 1 
20 in which 

R\ R 2 , R 3 , R 4 , R s , a and b are as defined above; and 
n has an average value from about 10 to about 100. 

In order to obtain the regular sequence shown, it is desirable to first form the amide linkages prior 
to polymerization. This can be accomplished by combining about two moles of glycolic or lactic acid 

25 with about one mole of a diamine and heating at a temperature between 1 50° to 220°C until distilla- 
tion of water is complete. Alternatively, combination of hydroxy acid and diamine will produce a salt 
which can be purified by recrystallization and then subjected to the above condensation. In either case, 
a high yield of diamidedioi is obtained which can be purified by recrystallization. 

Diamidedlols useful in synthesizing polymers of this invention can be prepared by the above 

30 methods from diamines such as 1 ,2-ethanediamine; 1,3-propanediamine; 1 ,3-(2-methylpropane)- 
diamine; 1 ,3-(2,2-dimethylpropane)diamine; 1 ,2-( 1 ,2-dimethylethane)diamine; 1 ,4-butanediamine; 
1 ,5-pentanediamine; 1 ,6-hexanediamine; 1 ,7-heptanediamine; 1 ,8-octanedlamine; 1 ,9-nonane- 
diamine; 1,10-decanediamine; 1,1 1 -undecanediamine; 1,12-dodecanediamine; 1,13-tridecane- 
diamine; 1 ,1 4-tetradecanediamine; 1 ,1 5-pentadecanediamine; 1,1 6-hexadecanediamine; 3- 

35 oxapentane-1,5diamine; 4-oxaheptane-1,7-diamine; 5-oxanonane-1,9-diamine; 6-oxaundecane-1,1 1- 
diamine; 7-oxatridecane-1 ,1 3-diamine; 8-oxapentadecane-1 ,1 5-diamine; 9-oxaheptadecane-1 ,1 7- 
diamine; 10-oxanonadecane-1,19KJiamine; 1 1-oxaheneicosane- 1,21 -diamine; 12-oxatricosane-1,23- 
diamine; 13-oxapentacosane-1,25-diamine; 4,9-dioxadodecane-1 l 12-diamlne; 3,6-dioxaoctane-1,8- 
diamine and other analogs of oxa-aliphatic diamines and the corresponding thia-aliphatic diamines; 

40 cyclohexane-1,4-diamine; cyclohexane-1, 3-diamine; cyclohexane-1,2-diamine; 1 ,4-bis(aminomethyl)- 
cyclohexane; 1,3-bis(aminomethyl)cyclohexane; 1,4-bis(2-aminoethyl)cyclohexane; 1,4-bis(3-amino- 
propyOcyclohexane; bis(4-aminocyclohexyl)methane; p-phenylenediamine; o-phenylenediamine; m- 
phenylenediamine; p-xylylene-a,a / -diamine and other aromatic diamines; piperazine; 4,4'-tri- 
methylenedipiperidine; 4,4'-bipiperidine; N,N'-bls(3-aminopropyl)piperazine; 2,5-dlmethyipiperazine; 

45 2,6-dimethylpiperazine; 2-methylpiperazine; imidazoline; 2-methyJimldazolidine; 4,5-dimethyiimida- 
zolidine. 

In the preferred body absorbable polymeric material, it is preferred that the diamidediols be a 
mixture of 1,12-di{hydroxyacetamido)-4,9-dioxadodecane and 1,12-di{hydroxyacetamido)dodecane, 
• with groups R\ R 2 , R 3 , and R 4 being formed by the removal of the elements of water in the condensa- 
so Won of glycolic acid with 4, 9,-dioxa-1,12-doce-canediamine and 1,12-dodecanediamine. 

Synthesis of the body-absorbable polymer of the present invention can be accomplished by any of 
a number of well known techniques. For example, the diamidedioi can be combined with an equimolar 
amount of one or more dicarboxylic acids or dicarboxylic acid methyl esters and appropriate esterifica- 
tion catalyst, e.g. Sb 2 0 3 , and heated with stirring under nitrogen at temperatures of 1 50° to 250°C for 
55 10 to 100 hours with 175° to 200°C for 20 to 40 hours being preferred. 

A preferred method of preparing polymer consists of dissolving the diamidedioi in a solvent whiph 
is nonreactive with acid chlorides and has a boiling point of 100°C or higher, heating the mixture to 
reflux, and rapidly adding an equimolar amount of a diacid chloride with vigorous mechanical mixing 
(e.g., motor-driven paddle) separating the polymer from solvent and drying the polymer at temperatures 
6o below the melting point of the polymer. Suitable solvents include methylchloroacetate, chlorobenzene 
1,1,2-tri-chloroethane or 1,4-dioxane. The preferred solvent for uses with a diacid chloride is chloro- 
benzene. 

The preferred method has the advantages of not requiring catalyst, of yielding product in a 
relatively short period of time, and producing high molecular weight polymer In a granular, easy-to- 
65 manipulate form. In addition, moisture which would otherwise react with the acid chloride can be 
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re adi.v exduded M the syst e m by atopic 

Polymer prepared by this method can be^ JJ^PJJg, ™ of dry nitrogen passing over the 
weight by heating for several days ^"partial vacuum wrai £ su* r ^ ^ 
poller at temperatures that are JO- to 50 C below the po,y d H lcarb0)tv ,i c acids useful in 

^ Dicarboxyllc acid chlondes and the^ ^ *™uA £ie derived from the dicarboxylic acids listed 
the synthesis of polymers by the AbjMMtod^ as uged nereln , nclude8 

below. In addition, the free acids can also b* .used. a ^ |ori de ; and anhydrides. They are, for 

dicarboxylic acids, their methyl and ethyl esters, the 'J™,^ 

exampleT oxalic acid; malonic ^^^^^f^^S^li; azelaic acid; sebacic acid; 1 .9- 
glutaric acid; 3-methyladlpic ; aod; adlpic and ^PjjJSl 1 1 -undecanedicarboxyllc acid; 1 ,12-dode- 
nonanedlcarboxyllc acid; 1 . ^. e °° n n 8 ^ acid; 1.15- 

canedlcarboxylic acid; 1.13-trideMnedicarboxyhc acia, i.i*- w id (rans .^hydromuconic 
pentadecanedicarboxylic acid; "*+™Z3Z^^ o.5'-oxydivaleric 
acid; fumaric acid; dlglycolic acid; 3,3 -oxyd iproponi «»« a ' 7'* ^, olc ^ cid; 5 -oxaezelaic acid; 5- 
acld 6.6'-oxydicaproic acid; 8 < 8 ':°£ d ^ acid; 5- 

oxasebacic acid; 5^ xaun d^ acid; 6-oxapentadecanedioic 

oxahexadecanedloic acid; ^^^Zdlca^SS; 10-oxanonadecanedioic acid and other 

sss&s k^**-- —■ d by * e removsl - *- 

chloride from succinyl chloride. reactlon of the diamidediols with bischloroformates. The 

Polymers can also be W*™* ^JT^SLSm ^ dlhydiwy compound with excess phosgene 
bischloroformates. in turn, can be prepared by reacting } a WJJ* 0 ^ o/ymef CWsf/y, 2nd Ed., 
gas in the condensed phase or n "•^^TJKS"? 123Y Dlhydroxv -compounds that can be 
Somnson and Campbell. Intersclence Publishers (1968) p. 'J^^ffSi glycol; 1 ^-propanediol; 
used include, for example, the P«vioua^ manto^ ned /'^JX; Ts^nedlol; 1.9-nonanediol; 
1.4-butanediol; 1 ,5-pentanediol; J n i, 0 H 13-Sdecawdlol; 1 ,14-tetradecanediol; 

VIESS^ po.y(ethyleneoxy)dio, of various 

*• "S pTmers of the present t^"*^ SlTSBS! SSltSE 

, rh^r^rrw *■ absorption ' 

charecteristi^^^ ^ ^ b<jdy . absorbab|e polymeric m8te ria« of the present invention may be 
further Illustrated by reference to the following examples: 
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Example 1 



1. Synthesis of 1.12<"^W^mido)d^eeBTO. |vfld , n 5 , |ter8 of 

Two moles of vacuum redist Hied 1 1 2-dodect J^i* | te acid < 30 4 g) were added 
laopmpyl alcohol in a 6-liter ^J^f^SS Sutton was S with aluminum foil and 
carefully In small portions with stimng. ™^ , J^^ bOTatto n of a white crystalline solid 

«*- - *— 

^Mld'S^ 

overhead stirring. A stream of dry "^^!^^i^Kn^^5*»t>t»t<lstl"s- 
dlrtllatlon .pparome. The meHed solid vwe *J»°F "[JSeomptetelv end the liquid wee 
Son of weter occurred. After 4 "~^'35£^^S*Sr!S uSUlltod front 6 nun of 

«ur.,S«0« 

5 7.73 (broad triplet 2 protons). 

2. Synthesis of POlyWod^l.^ 

V Exactly 486.3 g (1.54 moles) of ^^^SSS 2- Sr Sin flask heated in an oil 
of 1,12-dodecanedicarboxylic acid were melted together in a Z-llter giass rem 
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bath. Overhead stirring of the molten mixture was commenced and 0.8 g of "Irganox" 1 01 0 (a phenolic 
antioxidant available from Clba-Geigy) (Irganox is a trade mark) added. Dry nitrogen was admitted 
through a tube reaching below the surface of the liquid. The mixture was heated at 1 75°C for 20 hours, 
during which time distillation of water occurred. Antimony trioxide (0.8 g) was added and heating and 

5 stirring were continued for an additional 1 6 hours at 200°C. The viscous, light brown colored product 
was poured out and allowed to solidify. The solid was dissolved in 1 5 liters of boiling isopropanol and 
the solution allowed to cool to 30°C at which temperature the precipitated solid was collected and 
dried to yield 525 g of powder; inherent viscosity 0.26 (0.5% in 1,1,1-trifluoroethanol (hereinafter 
designated TFE) at 30°C); differential thermal analysis, Tg = -1 to +20°C, Tm = 93°C. (Tg is the glass 

to transition temperature, Tm is the melting point of the polymer) 

3. in vivo evaluation. 

The above polymer was melt-extruded in a 3/4 inch Brabender extruder equipped with 30:1 
lengthtdiameter ratio general purpose screw and oriented at a temperature above its glass transition 
temperature by drawing at a ratio between about 4 to 1 and 1 0 to 1 to produce uniform fiber with a 
tenacity of 2.5 g/denier. The fiber was cut into 20-cm lengths which were alternately assigned to 
control and experimental groups. All fiber was handled the same with respect to ethylene oxide 
sterilization and drying. The experimental fibers were surgically implanted subcutaneously in mice. The 
mice were necropsied at various time intervals and the tensile strength of recovered fiber measured 
after drying and compared with control samples. The data recorded in Table 1 were obtained by 
averaging 8 to 10 individual values recorded at each time period. 

TABLE 1 

Days Post • Tensile Strength 

Implantation Retained 



46.6% 
28.0% 
12.3% 

36 Additional fiber-implanted mice were necropsied at monthly intervals. After two months the fibers 
possessed virtually no physical integrity, were broken into small pieces approximately 1 to 2 mm in 
length, and were encapsulated. By six months only a trace of the polymer could be detected visually, 
the majority having been completely absorbed. In all of these evaluations there was no visible reaction 
to tha. surrounding tissue and no evidence of toxicity. 

40 

Example 2 

Alternate synthesis of poly[dodecane-1,12-di{carbonyloxy)dodecane-1,12-di(amidocarbonvl- 
methylene)]. 

Dimethyl-1,12-dodecanedicarboxylate (19.72 g, 0.069 mole) and 1,12-di(hydroxyacetamido)- 
46 dodecane (21.79 g, 0.069 mole) prepared according to the procedure In Example 1 were placed in a 
250-ml round-bottom 3-neck flask and heated in an oil bath with overhead stirring. About 10 mg each 
of "Irganox" 1010 and zinc acetate were added and the mixture heated to 185°C, with dry nitrogen 
passing over the reactants and through the attached distillation apparatus. Heating and stirring were 
continued for 20 hours at 170— 185°C. Antimony trioxide (about 10 mg) was added and the 
60 temperature maintained at 1 90— 200°C for an additional 20 hours. During this time the melt increased 
in viscosity and high vacuum was applied intermittently. The dark brown product was allowed to cool 
and was then dissolved in hot isopropyl alcohol (1 liter). The isopropyl alcohol solution was allowed to 
cool to 30°C, at which temperature the precipitated solid was collected and dried to yield 30 1 g of 
powder; inherent viscosity 0.27 (0.5% in TFE at 30°C); differential thermal analysis, Tg = +3 to +24°C 
55 Tm = 117°C. 

The powdered polymer was placed in a glass U-tube and heated in an oil bath for 60 hours at 
97°C. During this time a slow stream of dry nitrogen was passed through the polymer which remained 
in the solid state. As a result of this treatment the inherent viscosity increased significantly to 0.36. 
Filaments pulled from the melted polymer were easily cold drawn by hand to yield tenacious fibers. 

60 

Example 3 

1. Synthesis of polytoxysebacoyloxydodecane 1,12-di(amidocarbonylmethylene)]. 

Exactly 404.7 g (1.28 moles) of 1,12-di(hydroxyacetamido)dodecane prepared according to the 
65 procedure in Example 1 and 258.5 g (1.28 motes) of sebacic acid were melted together in a 2-liter 
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glass resin flask heated in an oil bath. Overhead stirring was commenced and 0.6 g of "Irganox" 1010 
antioxidant added. Dry nitrogen was admitted through a tube reaching below the surface of the liquid. 
The mixture was heated at 1 75°C for 20 hours during which time distillation of water occurred. 0.6 g 
of antimony trioxide was added and heating and stirring continued for an additional 20 hours at 1 90°C. 

5 Nitrogen flow was discontinued, the system was placed under vacuum of about 0.1 Torr, and heating 
and stirring continued for 4 hours at 210°C. The reaction was then discontinued and the yiscous, 
brown liquid poured into a metal pan where it solidified into a hard, tough solid. The solid was dissolved 
in 3 liters of boiling isopropano! and the solution poured slowly into 4 liters of acetone with vigorous 
stirring. The resultant precipitate was collected and dried to yield 430 g of powder; inherent viscosity 

10 0.32 (0.5% in TFE at 30°C); differential analysis, Tg = -10 to +9, Tm = 50°C. 

2. In vivo evaluation. 

The above polymer was melt extruded and oriented as in Example 1 to produce uniform fiber with 
a tenacity of 0,82 g/denier. The fiber was implanted in mice as described in Example 1 . The strength 
16 loss results are shown in Table 2. 

TABLE 2 

Days Post Tensile Strength 

20 Implantation Retained 



3 61.4% 
10 18.8% 

26 

The implantation site in each of the mice showed no visible inflammation or other evidence of an 
adverse reaction toward the polymer. 

Example 4 

30 1. Synthesis of 1,10-di(hydroxyacetamido)decane. 

1,10-decanediamine (10 g, 0.58 mole) was dissolved in 1 50 ml of boiling isopropanol and solid 
glycol Ic acid (8.8 g, 0.1 1 6 mole) added in portions with stirring. An oil that separated from the cooled 
solution rapidly crystallized upon scratching. Recrystallization from isopropanol yielded white crystals 
(16.3 g, 87% yield, m.p. 57— 62°C). 

3 * The 1,10-decanediammonium glycolate was placed in a 3-neck 100-ml round-bottom flask and 

heated in an oil bath with magnetic stirring. Dry nitrogen was passed over the melted solid and through 
the attached distillation apparatus. Distillation of water occurred at 150°C. After 4 hours at 
150 — 165°C, no further evolution of water could be detected and the liquid was poured into a dish, 
where it rapidly solidified. Recrystallization from methanol gave 10.7 g (74%) of white crystals; m.p. 
120— 122°C. 

2. Synthesis of poly[decane-1,10-di(carbonyloxy)decane-1,10-di(amidocarbonylmethylene)]. 

Exactly 9.50 g (0.033 mole) of 1,10-di(hydroxyacetamido)decane and 7.66 g (0.033 mole) of 
1,10-decanedicarboxylic acid were placed in a 100-ml round-bottom flask and heated in an oil bath 

46 with overhead stirring. "Irganox" 1010 antioxidant (about 5 mg) was added and the mixture heated to 
170°C with dry nitrogen passing over the reactants and through the attached distillation apparatus. 
Heating and stirring were continued overnight (16 hours) at 170°C. Antimony trioxide (about 5 mg) 
was added and the temperature increased to 190 — 210°C for 8 hours. During this time the melt 
became rather viscous and a vacuum of about 0.1 Torr was applied intermittently. The melt was 

60 allowed to cool completely overnight and was then reheated to 210°C for 2 hours followed by an 
additional 30 minutes under vacuum. The viscous, amber colored product was poured onto a metal 
surface where it cooled to form a tough solid; inherent viscosity 0.26 (0.5% in TFE at 30°C); differential 
. thermal analysis, Tg = -8 to +2°C, Tm = 51 °C. Filaments pulled from the melted polymer were easily 
cold drawn by hand to yield tenacious fibers. 

66 

Example 5 

1. Synthesis of polyloxysucclnoyloxydodecane 1,12-di(amidocarbonylmethylene)]. 

Exactly 390.4 g (1.235 moles) of 1,12-di(hydroxyacetamido)dodecane prepared according to the 

so procedure in Example 1 and 1 kg of chlorobenzene were placed in a 3-liter resin flask and heated in an 
oil bath with overhead stirring. The solid dissolved and approximately 200 ml of chlorobenzene was 
distilled from the solution. The solution was allowed to cool to 120°C and the distillation apparatus 
was replaced with a reflux condenser connected to gas washing bottles, the first empty and the second 
filled with water. Vacuum-redistilled succinyl chloride (191.5 g, 1.235 moles) was added cautiously 

66 through an addition funnel to the solution while stirring at approximately 300 rpm. The exothermic 
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( ) reaction was accompanied by vigorous evolution of hydrogen chloride gas. Approximately 20 minutes 

after addition of succinyl chloride, the solution became viscous and the polymer solidified and 
separated from the solution. The mixture was refluxed with stirring for an additional 2 hours during 
which time the evolution of hydrogen chloride subsided. The chlorobenzene was removed by distilla- 
s tion under reduced pressure to yield 490 g of product; inherent viscosity 0.45 (0.5% in TFE at 30°C); 
differential thermal analysis, Tg = + 1 6 to +48°C, Tm = 1 60°C, 

The product was placed in a 3-neck flask and heated In an oil bath for 48 hours at 1 30°C. During 
this time a slow stream of dry nitrogen was passed through the polymer which remained in the solid 
state. As a result of this treatment the inherent viscosity increased significantly to 0.81. 

10 

2. In vivo evalution 

The above polymer was melt-extruded and oriented as in Example 1 to product uniform fiber 

corresponding to U.S.P suture size number 00 with a tenacity of 2.4 g/kenier. Two commercial U.S.P. 

number 00 absorbable sutures, "Vicryl" (Ethicon, Inc.) and chromic catgut (Ethicon, Inc.) were 
is purchased and included in the evaluation, vicryl (trade mark) is a commercially available material 

purchased from Ethicon Inc. This material is described In Gilding, D.K., et al., "Biodegradable polymers 

for use in surgery-polyglycoIic/poly(lactic acid) homo- and copolymers:!," Polymer 20, 1459 (1979). 

The tensile strength of the material as tested by Applicant was 5.2 g/denier. The in vivo fiber strength 

retention data was obtained as described in Example 1 and Is shown in the accompanying figure. The 
20 following designations are used: "Vicryl" (A), chromic catgut (B), polymer of Example 5 (C), and 

polymer of Example 1 4 (D). 

The strength loss profile of fiber produced in this example Illustrates that this polymer should be 

useful clinically where approximation of healing tissue is required for a longer period of time than can 

presently be achieved with currently available absorbable sutures. 
25 The implantation site revealed no evidence of irritation or incompatibility In each of the necropsies 

involving the above polymer. This was not the case with chromic catgut, however, which produced 

inflammatory reactions varying from slight to massive. 

Example 6 

30 1 . Synthesis of 4,4'-methylene/>/s(hydroxyacetamidocyclohexane). 

4,4'-Methylene£/*s(cyclohexylamine) (56.5 g, 0.27 mole) was dissolved in hot isopropanol (500 
( ) ml) and glycolic acid (40.9 g, 0.54 mole) added portion-wise with stirring. Upon cooling, a white 

gummy solid separated which was isolated by decantation and redissolved in a small volume of 
ethanol. Crystallization produced a white crystalline, deliquescent solid; m.p. 96 — 102°C. Thorough 
35 drying under vacuum increased the melting point (m.p. 1 49 — 151 °C) and reduced the deliquescence. 
The solid was placed In a 250 ml-round-bottom flask and heated in an oil bath with stirring. 
Distillation of water occurred at 1 50°C and the temperature was increased to 1 75°C. After stirring at 
175°C for 3 hours the melt suddenly resolidified into a white crystalline mass. The solid was 
recrystalllzed from a mixture of ethanol and methanol to yield lustrous, white crystals, m.p. 
40 208— 211 °C; infrared ("Nojol"), 1630 cm"" 1 , 3250 cm*" 1 ; proton nuclear magnetic resonance 
{CDCI/TMS, 100 MHz), 8 0.6—1.5 (complex multiples 12 protons), 8 1.5—1.8 (doublet, 8 protons), 8 
3.50 (broad singlet, 2 protons), 8 3.75 (doublet, 4 protons), 8 5.35 (triplet, 2 protons), 8 7.37 (doublet, 
2 protons). 

46 2. Alternate synthesis of 4,4'-methylene6/ts(hydroxyacetamidocyclohexane). 

4,4'-Methylene£/s(cyclohexylarnine) (25 g, 0.12 mole) and glycolic acid (18.2 g, 0.24 mole) were 
combined in a 250-ml round-bottom flask heated in an oil bath. The solids were melted together with 
mixing and heated to 175°C whereupon distillation of water occurred: After heating for 3 hours the 
evolution of water subsided and crystallization commenced. The solid was removed and recrystalllzed 

so from methanol to yield 34 g (87%) of lustrous white needles; m.p. 208— 212°C. 

3. Synthesis of poly[decane-1,10-di(carbonyloxy)dicyclohexylmethane-4,4'-di{amidocarbonyimethyl- 
ene)]. 

Exactly 1 .748 g (0.0065 mole) of 1 ,1 0-decanedlcarbonyl chloride was placed In a 1 00-ml round- 
55 bottom flask and dissolved in chlorobenzene (20 ml). 4,4'-methylene£/s(hydroxyacetamidocyclo- 
hexane) (2.120 g, 0.0065 mole) was added and the mixture heated to reflux with stirring. Vigorous 
evolution of hydrogen chloride occurred, and after refluxing for approximately 30 minutes the mixture 
became a clear, colorless solution. 

Refluxing was continued for 2 hours and the solution then allowed to cool whereupon pretipita- 
so tion occurred. The precipitate was collected by filtration and dried under vacuum to give a white 
powder; Inherent viscosity (0.5% in TFE at 30°C) of 0.35; differential thermal analysis, Tg » +75° to 
+85°C, Tm= 185°C. Filaments pulled from the melted polymer were easily cold drawn by hand to 
give tenacious fibers. 
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Example 7 

Synthesis of poly[ethane-1 ,2,-di(oxycart>onyloxy)dicyciohexylme^ 
ens)]. 

Exactly 5.643 g (0.0301 mole) of vacuum redistilled ethylene bischloroformate were placed in a 
5 50 ml round-bottom flask and 20 ml of chlorobenzene added followed by 9.837 g (0.0301 mole) of 
4,4'-methylene6/s(hydroxyacetamidocyclohexane) prepared according to the procedure in Example 6. 
The mixture was heated in an oil bath to 130°C with rapid magnetic stirring. Vigorous evolution of 
hydrogen chloride gas occurred and the mixture turned dark yellow in color. After refluxing the mixture 
for 2 hours, the solid was collected by filtration and dried under vacuum to yield a light tan colored 
to powder; inherent viscosity 0.09 (0.5% in TFE at 30°C); infrared ("Nujol"), 1650 cm" 1 , 1750 cm" 1 ; 
differential thermal analysis, Tg = +70 to +84°C, Tm=:180 0 C with decomposition. 

Example 8 

1. Synthesis of rrans-1,4~cyclohexane6/s(hydroxyacetamidomethyl). 

is Glycolic acid (3 1 3 g f 4,1 2 moles) was dissolved in 2 liters of absolute methanol and a methanolic 
solution of 1,4-cyclohexaneZ>/s(methylamine) (291 g, 2.05 moles, approximately 20% cis and 80% 
trans isomers) added carefully with stirring. The hot solution was boiled for 3 to 5 minutes and then 
cooled slowly to 4°C whereupon crystallization occurred. The white, crystalline product was collected 
on a Buchner funnel, rinsed with methanol, and dried under vacuum at 60°C to yield 541 g (89.5%); 

20 m.p. 199 — 201°C. 

The glycolic acid salt was placed in a 3-liter 3-neck round-bottom flask heated in an oil bath with 
mechanical stirring. Dry nitrogen was passed Into the system and through the attached distillation 
apparatus. Upon heating to 210°C, vigorous distillation of water occurred and subsided completely 
after 45 minutes. 73.8 g (99.5%) of water were collected. The solidified product was dissolved in 6 

26 liters of hot absolute ethanol and allowed to cool slowly to room temperature whereupon crystalliza- 
tion occurred. The clusters of long, pale yellow colored needles which formed were collected and dried 
to yield 273 g (51.4%); m.p. 182— 186°C; infrared ("Nujol"), 1625 cm" 1 , 3270 cm' 1 ; proton nuclear 
magnetic resonance (DMSO-d/TMS, 100 MHz), 8 0.6—1.9 (complex multiplet 10 protons), S 2.98 
(triplet, 4 protons), S 3.83 (doublet, 4 protons), S 5.44 (triplet, 2 protons), S 7.67 (triplet, 2 protons). 

30 The filtrate was concentrated to a volume of 2 liters and cooled to -20°C whereupon a powdery 
white solid appeared. The solid was collected and dried to yield 1 04 g (19.6%); m.p. 136 — 142°C.The 
proton nuclear magnetic resonance spectrum for this material is essentially the same as above except 
that the multiplet at S 3.0 is more complex and the multiplet at S 0.6 — 1.9 is partially replaced by a 
singlet occurring at S 1.35, It is estimated that this lower melting fraction is approximately 40% trans 

36 and 60% cis isomers of the desired product whereas the higher melting major fraction is virtually pure 
trans isomer. It is believed that fractional crystallization is possible due to the fact that the cis isomer 
can form intramolecular hydrogen bonds whereas the trans isomer cannot 

2. Synthesis of poly[frans-oxysebacoyloxycyclohexane-1,4-di(methylene amidocarbonylmethylene)]. 
4<r 186.0 g (0.721 mole) of frans-1,4-cyclohexane6/5(hydroxyacetamidomethyl) were placed in a 3- 

llter 3-neck round-bottom flask and 800 g of chlorobenzene added. The mixture was heated with 
overhead stirring and approximately 1 50 ml of chlorobenzene distilled from the solution. The distilla- 
tion apparatus was then replaced with a reflux condenser as in Example 5. Vacuum redistilled sebacoyl 
chloride (172.3 g, 0.721 mole) was added carefully through an addition funnel with rapid stirring. 

46 Vigorous evolution of hydrogen chloride gas occurred and the product separated as a granular solid. 
The mixture was refluxed for 2 hours during which time evolution of hydrogen chloride gas subsided. 
Rltration while hot and drying under vacuum yielded 208 g of powder; inherent viscosity 0.60 (0.5% In 
TFE at 30°C); differential thermal analysis, Tg = +50 to +57°C, Tm = 180°C. 

The polymer was melt-extruded and oriented as In Example 1 to produce uniform fiber with a 

60 tenacity of 1.70 g/denier. 

Example 9 

1 . Synthesis of N,N'-di(hydroxyacetyl)rpiperazine. 

PIperazine hexahydrate (17.5 g, 0.090 mole) was dissolved in 1 liter of absolute methanol and 

66 solid glycolic acid (13.7 g, 0.1 80 mole) added with stirring. The solution was boiled for a few minutes 
and then allowed to cool slowly. Crystallization produced long, white needles which were collected and 
dried under vacuum to give 16.3 g (76%); m.p. 169— 173°C. The product was placed in a 100-ml 
round-bottom flask and heated in an oil bath with magnetic stirring. A stream of dry nitrogen was 
passed through the system and the temperature maintained at 1 80—1 90°C for 3 hours. After distilla- 

eo tion of water subsided, the liquid was solidified and recrystalllzed from 1 liter of absolute ethanol to 
give a white powder; m.p. 187— 190°C; infrared ("Nujol"), 1625 cm" 1 , 3250 cm" 1 ; proton nuclear 
magnetic resonance (DMSO-d/TMS, 100 MHz), S 3.43 (singlet 8 protons), S 4.12 (singlet, 4 protons), 
$ 4.63 (broad singlet, 2 protons). 



65 



8 



r 



0 030 822 

2. Synthesis of poly(oxysuccinoyloxy)piperazine N,N'-di(carbonylmethylene). 

N,N'-di(hydroxyacetyl)piperazine (2.70 g, 0.0133 mole) was placed In a 50-ml round-bottom 
flask and 15 ml of chlorobenzene added. The mixture was stirred magnetically and vacuum redistilled 
succlnyl chloride (2.07 g # 0.0133 mole) added. The mixture was heated In an oil bath at 120 — 130°C 
5 for 3 hours during which time evolution of hydrogen chloride gas occurred. The product was collected 
by filtration and dried under vacuum to yield a tan colored powder; Inherent viscosity 0.14 (0.596 In TFE 
at 30°C); differential thermal analysis, Tg = +55, to +75°C, Tm = 200°C with decomposition. 

Example 10 

io 1. Synthesis of 1,12-di(hydroxyacetamido)-4,9-dloxadodecane. 

4,9-Dioxadodecane-1,12-diamine (22.8 g, 0:112 mole) was placed In a 250-ml round-bottom 
flask and glycolic acid (1 7.0 g, 0.224 mole) added in portions with stirring and cooling. The resultant 
liquid was heated in an oil bath to 185°C whereupon distillation of water occurred. Heating was 
continued at 1 85° to 1 95°C for 2 hours after which time distillation of water subsided and the liquid 

IB was poured into a crystallization dish. The resultant oil slowly crystallized in the form of large white 
clusters; yield 35.5 g (99.3%); m.p. 67 — 71°C. The solid was recrystalllzed from cold absolute 
methanol to give a white, crystalline product; m.p. 74 — 77°C; infrared ("Nujol"), 1120 cnrT\ 1625 
cm~\ 3250 cm"* 1 ; proton nuclear magnetic resonance (CDCI/TMS, 100 MHz), 8 1.55 — 1.95 (complex 
multiplet, 8 protons), 8 3.30 — 3.65 (complex multiplet, 12 protons), 8 4.03 (singlet, 4 protons), 8 4.98 

20 (broad singlet 2 protons), 8 7.51 (broad triplet 2 protons). 

2. Synthesis of poiyfoxysucclnoyioxy^g-dioxadodecane-^^Hditamidocarbonylmethylene)]. 

Redistilled succinyl chloride (5.437 g, 0.035 mole) was placed In a 100-ml round-bottom flask 
and diluted with chlorobenzene (40 ml). The solution was stirred magnetically and 1,12-di(hydroxy- 
25 acetamido)-4,9-dioxadodecane (1 1.224 g, 0.035 mole) added. The mixture was heated in an oil bath 
to 50°C whereupon evolution of hydrogen chloride gas commenced and an oily layer separated. The 
mixture was refluxed for 2 hours and then allowed to cool. The solidified product was collected and 
dried under vacuum at 50°C to give a waxy material; inherent viscosity 0.16 (0.5% in TFE at 30°C); 
differential thermal analysis, Tg = -1 1 0 to -4°C, Tm = 72°C. 

30 

Example 11 

1 . Synthesis of poly[oxysuccinoyloxydodecane-1 ,1 2-di(amidocarbonylmethylene)-co-1 0%-oxy- 
succinoyloxy-4,9-dioxadodecane-1 ,1 2-di(amidocarbonylmethylene)]. 

Exactly 457.8 g (1.449 moles) of 1,12-di(hydroxyacetamido)dodecane prepared according to the 
3s procedure in Example 1 and 51.5 g (0.161 mole) of 1,12-di(hydroxyacetamido)-4,9-dioxadodecane 
prepared according to the procedure in Example 10 were placed In a 5-liter resin flask and 1.5 kg of 
chlorobenzene added. The reaction was conducted as described in Example 5. After distillation of 
approximately 200 ml of chlorobenzene, 249.5 g (1.610 moles) of redistilled succinyl chloride was 
added through an addition funnel to the rapidly stirring solution. Approximately 20 minutes after 
to addition of succinyl chloride, the solution became viscous and the polymer soon solidified and 
separated from the solution. The mixture was refluxed with stirring for an additional 2 hours during 
which time the evolution of hydrogen chloride subsided. The product was collected by filtration and 
dried under vacuum at 1 00°C to yield 524 g of powder; inherent viscosity 0.31 (0.5% in TFE at 30°C; 
differential thermal analysis, Tg = +16 to +38°C, Tm = 135°C. 
45 The product was placed In a dish and heated in a vacuum oven for 6 days at 128°C under partial 
vacuum. During this time a slow stream of dry nitrogen was passed over the polymer which remained in 
the solid state. As a result of this treatment the inherent viscosity increased significantly to 0.48. 

2. Fiber evaluation. 

so The above polymer was melt-extruded and oriented as described in Example 1 to produce uniform 
fiber with a tenacity of 1.93 g/denier, 43% elongation, and modulus of 1.37. This fiber Is noticeably 
more flexible than the fiber prepared from homopolymer in Example 5. 

Example 12 

55 Synthesis of poly[3-oxapentane-1 ,5-di(carbonyioxy)dodecane-1 , 1 2-di(amidocarbonylmethylene)]. 

Anhydrous dioxane (250 ml) and 1,12-di(hydroxy-acetamido)dodecane (46.9 g, 0.148 mole) 
prepared according to the procedure in Example 1 were placed in a 500-mi round-bottom flask and 
heated under reflux with overhead mechanical stirring. Redistilled diglycoyl chloride (25.4 g, 0.148 
mole) was added cautiously through an addition funnel to the refiuxing solution. The hydrogen chloride 

60 gas which evolved was entrained in a stream of dry nitrogen and trapped In a water filled gas washing 
bottle. An oily layer soon separated from the solution and refilling was continued for 4 hours. The 
mixture was then allowed to cool and the solidified material collected and dried under vacuum to give 
67.4 g of product; inherent viscosity 0.23 (0.5% in TFE at 30°C); differential thermal analysis, 
Tg = +19° to +53°C, Tm = 124°C. 

65 The polymer was placed in a U-shaped tube and heated in an oil bath at 100° to 1 15°C for 5 
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days. During this time a slow stream of dry nitrogen was passed through the polymer which remained 
in the solid state. As a result of this treatment the inherent viscosity increased significantly .to 0.34. 
Filaments pulled from the melted polymer were easily cold drawn by hand to give tenacious fiber. 

Example 13 

1. Synthesis of ^^-methyleneWsta-hydroxypropiamidocyclohexane). 

Molten 4,4'methylene6/s(cyclohexylamine) (224.0 g, 1.065 moles) was placed in a 1-1 iter round- 
bottom flask and 85% lactic acid (225.5 g, 2,13 moles) added slowly through an addition funnel with 
stirring and cooling. The resultant liquid was then heated in an oil bath to 1 90°C whereupon distillation 
of water occurred. Heating was continued at 190°C for 4 hours after which time distillation of water 
subsided and the liquid was poured into a Pyrex baking dish. Upon cooling the product solidified into a 
clear, amber coiored glass. The solid was broken up and recrystallized twice from tetrahydrofuran 
containing 10% methanol to give lustrous, white flakes; m.p. 195— 199°C; infrared ("Nujol"), 1640 
cm" 1 , 3300 cm" 1 ; proton nuclear magnetic resonance (DMSO-d/TMS, 1 00 MHz), 8 0.6—1 .5 (complex 
multiplet with doublet superimposed at 8 1.15, 18 protons), 8 1.5 — 1.8 (doublet, 8 protons), 8 3.50 
(broad singlet, 2 protons), 8 3.7—4.1 (multiplet, 2 protons), 8 5.35 (doublet, 2 protons), 8 7.30 
(doublet, 2 protons). 

2. Synthesis of poiy[oxysebacoyloxycyclohexane-1,4-di(amidocarbonylethyledene)]. 

Exactly 86.0 g (0.2427 mole) of 4,4 f -methylene^/s(hydroxypropiamldocyclohexane) were placed 
in a 1 -liter 3-neck round-bottom flask and 600 ml of chlorobenzene added. The mixture was heated 
with overhead stirring and approximately 50 ml of chlorobenzene distilled. The solid remained 
undissolved and formed a thick suspension. Vacuum redistilled sebacoyl chloride (58.0 9, 0.2427 mole) 
was added carefully through an addition funnel with rapid stirring. This caused the diamidediol to 
dissoive and form a clear, colorless solution. The heating and stirring were continued for 45 minutes 
during which time HCI evolved and the solution viscosity increased markedly. The solvent was then 
removed by distillation under reduced pressure and the resulting solid product kept under high vacuum 
overnight at 1 1 5°C. Upon cooling, the flask broke in numerous places. This polymer gave no adhesive 
failure with the glass flask which had to be removed by pulverization. The polymer is a hard, tough, 
colorless, thermoplastic solid which can be cold drawn to give strong, rigid filaments; inherent viscosity 
1.17 (0.5% in TFE at 30°C); differential thermal analysis, Tg^=+90 to 100°C, Tm = 199°C. 

Example 14 

1 . Synthesis of poly[oxysuccinoyloxydodecane-1 ,1 2-di(amidocarbonylmethylene)-co-1 0%-oxy- 
succinoyloxy-4,9-dioxadecane-1 ,1 2-dMamidocarbonylmethylene)]. 

A ten-gailon glass-lined reaction kettle equipped with a reflux condenser, pyrometer, addition 
funnel, and dry nitrogen purge was charged with exactly 1,942.4 g (6.15 molesr o| l12-dl h y dro ^- 
acetamido)dodecane prepared according to the procedure in Example 1 , 21 8.6 g (0.68 moles) of 1 ,TZ- 
di(hydroxyacetamido)-4,9-dioxadodecane prepared according to the procedure in Example 1 0, and 6 
gallons of chlorobenzene. The reaction kettle was heated by means of a steam jacket to 1 30 C for 30 
minutes with stirring to Insure complete dissolution of the diamidediol monomers. The temperature 
was then stabilized at 1 25°C and the stirring speed increased to the maximum setting. Exactly 1 ,058.6 
g (6.83 moles) of vacuum redistilled succinyl chloride was added through the addition funne at a 
constant rate during the time course of 3 minutes and 40 seconds. Stirring and heating were continued 
at 125°C for 30 minutes after which time the stirring rate was decreased and the reactor allowed to 
cool to room temperature. The granular product was collected on a large ceramic filter, rinsed with 
heptane, and placed in a vacuum oven at 100°C. After drying for 2 days the inherent viscosity was 

0. 92 (0.5% In TFE at 30°C) and increased to 1 .03 after heating in the oven under partial vacuum and a 
slow stream of dry nitrogen for an additional 4 days at 120°C. 

2. Fiber evaluation. 

The above polymer was melt^extruded and oriented as descnbed In Example 1 to produce u 
suture size fiber with a tenacity of 6.53 g/denier, 34.8% elongation, and modulus of 20.6 g/denier. The 
number of throws for the interlacement of the parts to hold a surgeon's knot Is two, the minimum 
possible number, and the knot strength is 47.5% of the tensile strength. By "knot strength is meant 
the tensile strength of a knotted suture as determined by the method specified in United S tates 
Pharmacopeia, 19th revision, U.S. Pharmacopeial Convention, Inc. pages 666 to 667, (1975). 

Example 15 

1 . Synthesis of poly(oxysuccinoyloxydodecane-1 ,1 2-di(amldocarbonylmethylene)-co-1 0%-3- 
oxapentane-1,5-di(carbonyloxy)dodecane-1,12-di(amidocarbonylmethylene)). 

A five-gallon glass-lined reaction kettle equipped with a reflux condenser, pyrometer, addition 
funnel, and dry nitrogen purge was charged with exactly 1,165 g (3.67 moles) of 1,12-di(hydroxy- 
acetamido)dodecane prepared according to the procedure in Example 1, and 3 gallons of chloro- 
benzene. The reaction kettle was heated by means of a steam jacket to 130°C for 30 minutes with 
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stirring to Insure complete dissolution of the monomer. The stirring speed wes then increased to the 
maximum setting and a mixture of exactly 63.3 g {0.37 moles) of vacuum redistilled dlglycoyl chloride" 
and 5 1 1 .5 g (3.30 moles) of vacuum redistilled succinyl chloride added through the addition funnel 
during the time course of 6 minutes and 46 seconds. The reaction mixture was stirred and refluxed for 
5 an additional 2 hours after which time the stirring rate was decreased and the mixture allowed to cool 
at room temperature. The granular product was collected on a large ceramic filter, rinsed with tetra- 
hydrofuran, and placed in a vacuum oven at 130°C. After heating the product at 130°C under partial 
vacuum and a slow stream of dry nitrogen for 5 days, the inherent viscosity was 0.58 (0.5% in TFE at 
30 P C). 

to 

2. Fiber evaluation 

The above polymer was melt-extruded and oriented as in Example 1 to produce 2 — 0 suture size 
fiber with a tenacity of 4.11 g/denier, 26.8% elongation, and modulus of 20.5 g/denier. The knot 
strength was 58% of the tensile strength. 

15 

3. In vivo evaluation 

The above fiber was implanted In mice as described in Example 1 . The strength loss results are 
shown in Table 3 and in the accompanying figure. 

20 TABLE 3 

Days Post Tensile Strength 

Implantation Retained 



25 7 89.7% 

14 83.9% 

28 79.4% 

30 

49 38.2% 

At eight months post-implantation the encapsulated fiber was broken Into small fragments, 1 to 4 
mm in length. These fragments were extremeiy soft and partially absorbed. The implantation site in 
35 each of the mice showed no visible inflammation or other evidence of an adverse reaction toward the 
polymer. 

Example 16 

1. Synthesis of poly[oxysuccinoyloxydodecane-1,12-di(amidocarbonylmethylene)-co-20%-oxy- 
40 succinoy!oxy-4,9-dioxadodecane-1 r 12-di(amidocarbonylmethylene)]. 

This polymer was prepared under exactly the same conditions described in Example 14 using 
1,264 g (4.00 moles) of 1,12-di(hydroxyacetamldo)dodecane prepared according to the procedure in 
Example 1, 320 g (1 .00 mole) of 1,12-di(hydroxyacetamido)-4,9-dloxadcKtecane prepared according to 
the procedure In Example 10, 775 g (5.00 moles) of vacuum redistilled succinyl chloride, and 3.5 
45 gallons of chlorobenzene. The succinyl chloride was added during the time course of 5 minutes and 10 
seconds and the product was dried for 2 days at 130°C to give an inherent viscosity of 0.99 {0.5% in 
TFE at 30°C). 

2. Fiber evaluation. 

so The above polymer was melt-extruded and oriented as in Example 1 to produce 2 — 0 suture size 
fiber with a tenacity of 4.67 g/denier, 38.2% elongation, and modulus of 18.0 g/denier. The knot 
strength was 64% of the tensile strength. 

3. in vivo evaluation. 

6S The above fiber was implanted in mice as described In Example 1 . The strength loss results are 
shown in Table 4. 
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TABLE 4 

Days Post Tensile Strength 

Implantation Retained 

5 ? ~ 89.2% 

14 87.4% 

io 28 76.6% 

49 57.3% 

At eight months post-implantation the encapsulated fiber was broken into small fragments, 1 to 2 
15 mm in length. These fragments were extremely soft and partially absorbed. The implantation site in 
each of the mice showed no visible Inflammation or other evidence of an adverse reaction toward the 
polymer. 

Example 17 

20 1. synthesis of poly[oxysuccinoyloxydodecane-1,12-di(amidocarbonylmethylene>J. 

This polymer was prepared under the same conditions described in Example 14 using 1,081.4 g 
(3.42 moles) of 1,12-di(hydroxyacetamido)dodecane prepared according to the procedure in Example 
1 530.4 g (3.42 moles) of vacuum redistilled succinyl chloride, and 3 gallons of chlorobenzene. The 
succinyl chloride was added during the time course of 1 5 minutes and 1 3 seconds and the product was 

25 dried for 7 days at 130°C to give an inherent viscosity of 0.58 (0.5% in TFE at 30°C). 

2. Fiber evaluation. 

The above polymer was melt-extruded and oriented as in Example 1 to produce 2—0 suture sue 
fiber with a tenacity of 5.03 g/denier, 31.0% elongation, and modulus of 22.0 g/denier. The knot 
jo strength was 50% of the tensile strength. 

Claims 

1. A body-absorbable polymeric surgical material characterised by a plurality of units of the 
35 general formula: ( 

0 0 0 O 
C 6-ch 4-n-R 3 -nJ-ch-o -i— (Ofc R 5 fOfc • <4" 

A 1 A 2 ^ k 4 A 1 

in which 

45 R' idS mayljJ idTntlSlor different and are selected from the group consisting of the following, 
which may be linear or branched alkylene, alkylene having 1 to 2 nonadjacent catenary oxygen o -sulfur 
atoms, and alkenylene; cycloalkylene and arylene; said members of the group having 4 to 26 carbon 
atoms in the cyclic compounds and from 2 to 25 carbon atoms in the non-cyclic compounds. 

R* and R* are hydrogen or alkyl having 1 to 4 carbon atoms or R a and R* together are linear or 
so branched alkylene having one to four carbons forming with N-R 3 -N a heterocyclic group having 5 or 
6 ring atoms; and 

a and b dre Independently zero or one. 

2. The body-absorbable polymeric surgical material of claim 1 further cheracterised by the feature 

es th8t 8 3.te b boTa^ 

that R\ R 2 , and R« are hydrogen and R 3 is a mixture of 1,12-dodecamethylene and 1,12-14.9-dlox*- 

d0d8 TSbSfy-absorbable polymeric surgical material of any one of claims 1 to 3 fofer character- 
ised by the feature that said material has 10 to 100 segments of repeanng units rf^PjP«- 
eo 5. The body-absorbable surgical material of claim 4 further charactensed by the feature that said 
material has 30 to 50 segments of repeating units of said polymer. , hQrnotori «H hvtha 

6. The body-absorbable surgical material of any one of claims 1 to 5 further characterised by the 
feature that said material is in the form of at least one filament. 

7. The body-absorbable surgical material of claim 6 further characterised by the feature that said 
65 filament is in the form of a suture. 
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8. A process for making a body-absorbabie polymeric surgical material of claim 1 which 
comprises the steps of: 

reacting a diamine with lactic or gfycolic acid to form a diamidediol; 

and reacting said diamidediol with a bischloroformate or a diacid compound which is selected 
5 from dicarboxylic acids, methyl and ethyl esters of dicarboxylic acids, diacidchlorides, and anhydrides of 
dicarboxylic acids. 

9. The process of claim 8 further characterised by the feature that said diacid compound is 
succinyl chloride. 

10. The process of either of claims 8 and 9 further characterised by the feature that said 
to diamidediol is a mixture comprised of 1 ,12-di(hydroxyacetamido)-4,9-dioxadodecane and 1,12- 

di(hydroxyacetamide)dodecane. 

11. The method of any one of claims 8 to 10 further characterised by the feature that said 
diamine is one or both of 1,12-dodecanediamine and 4,9-dioxadodecane-1,12-diamine, 

12. The process of any one of claims 8 to 1 1 further characterised by the feature that said 
15 diamidediol is placed in a solvent prior to reacting with said diacid compound or said bischloroformate. 

1 3. The process of claim 1 2 further characterised by the feature that said solvent is selected from 
the group consisting of chlorobenzene, 1,1,2-trichloroethane and 1,4-dioxane. 

14. The process of either of claims 12 and 13 further characterised by an additional step of 
removing said solvent after reacting with said compound or said bischloroformate. 

20 

Revendications 



1 . Matiere chirurgicale polymdre absorbable par I'organisme, caractdrisde par plusieurs motifs de 
formule gdnerale: 

25 

0 0 0 o 
£o-CH J>_n-r3^ N «c_CH-0-l-^O^ R 5 (Ofc-r— 



R 1 k 2 k 4 * 1 



ou 

R 1 est un hydrogdne ou un mdthyle; 
35 R 3 et R 5 peuvent dtre identiques ou diffdrents et sont choisis parmi le groupe compost par les 

constituants suivants qui peuvent etre un alkyldne lineaire ou ramifid, un alkyldne ayant 1 d 2 atomes 

d'oxygene ou de soufre catdnalres non adjacents et un alcdnyldne; un cycfoalkyldne et un aryldne; 

lesdits constituants du groupe ayant 4 d 25 atomes de carbone dans les composes cycltques et 2 d 25 

atomes de carbone dans les composes non cycliques; 
40 R 2 et R 4 sont un hydrogdne ou un alkyle ayant 1 d4 atomes de carbone ou R 2 et R 4 , ensemble, 

sont un alkyldne droit ou ramifid ayant 1 d 4 carbones formant avec N — R 3 — N un groupe hdtdro- 

cyclique ayant 5 ou 6 atomes cycliques; et 
a et b sont Inddpendamment zdro ou un. 

2. Matidre chirurgicale polymdre, absorbable par I'organisme, de la revendication 1 , caractdrisde 
45 de plus en ce que a et b sont zdro et R s est un dthyldne. 

3. Matidre chirurgicale polymdre, absorbable par I'organisme, de la revendication 2, caractdrisde 
de plus en ce que R\ R 2 et R 4 sont un hydrogdne et R 3 est un melange de 1 ,1 2-doddcamdthyldne et de 
1 ,1 2-(4 f 9-dioxadod6cam6thyldne). 

4. Matidre chirurgicale polymdre, absorbable par I'organisme, de Tune des revendications 1 h 3, 
so caract£ris6e de plus en ce que ladite matiere a 10 i 100 segments de motifs dudit polymdre. 

5. Matidre chirurgicale, absorbable par I'organisme, de la revendication 4, caract£ris£e de plus en 
ce que ladite matidre a 30 d 50 segments de motifs dudit polymdre. 

6. Matidre chirurgicale, absorbable par I'organisme, de Tune queiconque des revendications 1 d 5, 
caractdrisde de plus en ce que ladite matidre est sous forme d'au moins un filament. 

55 . 7. Matidre chirurgicale, absorbable par I'organisme, de la revendication 6, caractdrisde de plus en 
ce que ledit filament est sous forme d'une suture. 

8. Procddd pour prdparer une matidre chirurgicale polymdre, absorbable par I'organisme, de la 
revendication 1, qui comprend les stades de: 

— rdaction d'une diamine avec I'acide lactique ou glycolique pour former un diamidediol; 
60 — et rdaction dudit diamidediol avec un bischloroformate ou un composd de type diaclde qui est 
choisi parmi les acides dlcarboxyliques, les esters mdthyliques *et dthyliques des acides dicarboxy- 
liques, les chlorures de diacides et les anhydrides d'acides dlcarboxyliques. 

9. Le procddd de la revendication 8, caractdrisd de plus en ce que ledit composd de type diacide 
est le chlorure de succinyle. 

66 10. Le procddd de I'une des revendications 8 et 9, caractdrisd de pius en ce que iedit diamidediol 
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est un melange constitu6 de 1,12-di(hydroxyac6tamido)-4,9-dioxadod6canG et de 1,12-di(hydroxy- 
ac6tamido)dod6cane. 

1 1 . Le proc6d$ de Tune quelconque des revendications 8 3 10, caracterise de plus par le fait que 
ladite diamine est ia 1,12-dod§canediamine et/ou la 4,9-dioxadod6cane-1,12-diamine. 
s 1 2. Le procSdS de Tune qualconque des revendications 8 3 11, caract6ris6 de plus en ce que ledit 

diamidediol est plac§ dans un solvant avant la reaction avec ledit compost de type diacide og le bis- 
chloroformiate. JB . . . 

13. Le proc£d$ de la revendication 12, caract6ris6 de plus en ce que ledit solvant est choisi parmi 
le groupe constituS par le chlorobenzdne, le 1,1,2-trichloroSthane et le 1 ,4-dioxanne, 

1 4. Le proc6d6 de I'une des revendications 1 2 et 1 3, caractSrisS de plus par un stade additionnel 
domination dudit solvant aprds la reaction avec ledit composd ou ledit bischloroformiate. 



is 
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Patentanspruche 

1. Vom Kdrper absorbierbares, polymeres chirurgisches Material, gekennzeichnet durch mehrere 
Einheiten der allgemeinen Formel 

0 0 0 0 

fo-CH-i-N-R 3 -N4-CH-oJ:--(Ofe-— R 5 -40% ----i-]- 

1 k if k A 1 



in der R 1 Wasserstoff oder Methyl 1st, R 3 und R 5 identisch oder verschieden sein konnen und ausgewShlt 
sind aus der folgenden Klasse der folgenden Gruppen: lineares oder verzweigtes Alkylen, Alkylen mit 
einem oder zwei nichtbenachbarten Kettensauerstoff- oder Kettenschwefelatomen, und Alkenylen; 
Cycloalkylen und Arylen, wobei die genannten Angehdrigen der Klasse bei den zykiischen Verbln- 
30 dungen 4 bis 25 Kohlenstoffatomen und bei den nichtzyklischen Verbindungen 2 bis 25 Kohlen- 
stoffatomen haben k6nnen, R 2 und R 4 Wasserstoff oder ein Alkyl mit 1 bis 4 Kohlenstoffatomen oder R 2 
und R 4 zusammen ein lineares oder verzweigtes Alkylen mit ein bis vier Kohlenstoffatomen sein 
kdnnen, das mit N — R 3 — N eine heterocyclische Gruppe mit 5 oder 6 Ringatomen bildet, und a und b 
unabhfingig voneinander Null oder elns sind. 
36 2. Vom Korper absorbierbares, polymeres chirurgisches Material nach Anspruch 1 , dadurch ge- 
kennzeichnet, da& a und b Null sind und R 6 Athylen ist 

3. Vom Korper absorbierbares, polymeres chirurgisches Material nach Anspruch 2, dadurch ge- 
kennzeichnet, daS R 1 , R 2 und R 4 Wasserstoff sind und R 3 ein Gemisch von 1,12-Dodecamethyfen und 
1 ,1 2-{4,9-Dioxadodecamethylen) ist. 
40 4. Vom Kdrper absorbierbares, polymeres chirurgisches Material nach einem der Anspruche 1 bis 
3, dadurch gekennzeichnet, daG das genannte Material 10 bis 100 Segments aus sich wiederholenden 
Einheiten des genannten Polymerisats besitzt 

5. Vom Kdrper absorbierbares chirurgisches Material nach Anspruch 4, dadurch gekennzeichnet, 
da& das genannte Material 30 bis 50 Segmente aus sich wiederholenden Einheiten des genannten 

46 Polymerisats besitzt. 

6. Vom Korper absorbierbares Material nach einem der AnsprQche 1 bis 5, dadurch ge- 
kennzeichnet, daS das genannte Material In Form mindestens eines Filaments vorliegt. 

7. Vom Kdrper absorbierbares chirurgisches Material nach Anspruch 6, dadurch gekennzeichnet, 
daS das genannte Faden in Form von chirurgischem Nahtmaterial vorliegt. 

so 8. Verfahren zur Herstellung eines vom K6rper absorbierbaren, poiymeren chirurgischen Materials 
nach Anspruch 1, mit folgenden Schritten: 

Umsetzen eines DIamins mit Milch- oder GlykoisSure zur Bildung eines Diamiddiols; und 
Umsetzen des Diamiddiols mit einem Blschlorformiat oder einer Disaureverbindung, die ausge- 
wfihlt ist aus der Klasse der Dicarbonsfiuren, Methyl- und Athylester von Dicarbonsfiuren, Disaure- 
55 chloride und Dlcarbonsfiureanhydride. 

9. Verfahren nach Anspruch 8, dadurch gekennzeichnet, daG das genannte Disaureverbindung 
Bornsteinsfiurechlorid ist. ..... 

10. Verfahren nach Anspruch 8 oder 9, dadurch gekennzeichnet, dafi das genannte Dlamiddiol em 
Gemisch aus 1,12-Di(hydroxyacetamido)-4,9-dioxadodecan und 1,12-Di(hydroxyacetamido)dodecan 

eo. ist 

1 1. Verfahren nach einem der Anspruche 8 bis 10, dadurch gekennzeichnet, daft das genannte 
Diamin aus 1,12-Dodecandiamin und 4,9-Dioxadodecan-1,12-diamin ist. 

12. Verfahren nach einem der AnsprQche 8 bis 1 1, dadurch gekennzeichnet, daS das genannte 
Diamiddiol vor seiner Umsetzung mit der genannten Disaureverbindung oder dem blschlorformiat in ein 

66 Ldsungsmittel eingebracht wird. 
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13. Verfahren nach Anspruch 12, dadurch gekennzeichnet, daB das genannte Ldsungsmittel 
ausgewahlt aus der Klasse Chlorbenol, 1,1,2-Trlchlorfithan und 1,4-Dloxan 1st 

14. Verfahren nach Anspruch 12 Oder 13, dadurch gekennzeichnet, daS nach dem Umsetzen der 
genannten Verbindung oder des genannten Blschlorformlats das genannte Ldsungsmittel In einem 

5 zusatzlichen Schritt entfemt wird. 
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